Background
==========

Considered as a terminal illness, primary bronchogenic carcinoma (hereinafter to be referred as "lung cancer") is responsible for the most common cause of cancer-related deaths in worldwide, with a high mortality rate in both men and women. It is reported that the 5-year survival rate of lung cancer is a paltry poor 11% \[[@b1-medscimonit-25-2819],[@b2-medscimonit-25-2819]\]. Clinically, most of the lung cancer patients are diagnosed with advanced or distant metastases at their first visit, missing the opportunity for radical surgery in the early stage. Chemoresistance gives rise to unsatisfactory efficacy of chemotherapy, and the high recurrence rate significantly affects the patients' mental state and quality of life \[[@b3-medscimonit-25-2819]\]. Therefore, an in-depth understanding of the etiology and pathogenesis of lung cancer is necessary to try and achieve early detection, diagnosis, and treatment.

The link between cancer and microbes is well established, and nearly 20% of the global cancer burden is caused by microbial agents. For example, pathogens such as human papilloma virus, Epstein-Barr virus, *Helicobacter pylori*, *Escherichia coli* and *Fusobacterium nucleatum* are all closely associated with cancers \[[@b4-medscimonit-25-2819]--[@b7-medscimonit-25-2819]\]. Collectively, the ubiquitous bacteria living on and in the human body are described as the microbiota. As the second microbiome habitat behind the alimentary canal in the human body, the respiratory tract harbors numerous microbiota, containing an estimated 500 to 700 different species of bacteria \[[@b8-medscimonit-25-2819]\]. Until recently, the lower respiratory tract was considered sterile, and the detection of microbes was suggestive of microbial infection \[[@b9-medscimonit-25-2819],[@b10-medscimonit-25-2819]\]. However, culture-independent methods have proven that the lungs are not sterile even in healthy controls \[[@b11-medscimonit-25-2819],[@b12-medscimonit-25-2819]\]. Bacterial colonization in the respiratory tract is considered normal and comprises a complex microbiome \[[@b12-medscimonit-25-2819]\]. When present at the mucosal sites, microbes can be attributed to part of the tumor microenvironment of airway malignancies, and their toxic metabolites may damage the local immune barrier. Moreover, intratumoral microbes may directly influence the growth and spread of cancer cells in various ways \[[@b13-medscimonit-25-2819]\].

To date, several studies have focused on the analysis of buccal sample examination and have reported that microbial population diversity is associated with stomach cancer, pancreatic ductal cancer, and oral or esophagus squamous cell carcinoma, which promotes the occurrence of cancer development accompanied by the changing structure of the oral microbial groups \[[@b14-medscimonit-25-2819]--[@b19-medscimonit-25-2819]\]. Yan et al. \[[@b20-medscimonit-25-2819]\] have also demonstrated that there are possible associations of saliva microbiota with lung cancer. Particularly, their research found that levels of *Capnocytophaga* and *Veillonella* were significantly higher in the saliva from lung cancer patients \[[@b20-medscimonit-25-2819]\]. However, oral microbiota is susceptible to external environmental factors, such as smoking or household coal burning, which has implications in lung tumor etiology \[[@b21-medscimonit-25-2819]\]. Bronchoalveolar lavage fluid (BALF) is more objective and representative than saliva or sputum in reflecting the microbial environment of the lungs. The potential role of BALF microbiota in lung cancer susceptibility, however, has yet to be defined. To this aim, the present study explored the possible variations of oral and lung microbiota in lung cancer patients and the difference in microbial diversity in samples from the saliva and BALF.

Material and Methods
====================

Study participants and study design
-----------------------------------

Between December 2014 and February 2016, 51 patients hospitalized in the pulmonary and critical ward in the First Affiliated Hospital of Guangxi Medical University with primary bronchogenic carcinoma (PBC) were enrolled in this study. All of the patients were first examined and clinically diagnosed via case history, chest radiography, and blood tumor marker examinations. Pathology of transbronchial lung biopsy was the most important criterion for patient inclusion in the study because it confirmed the diagnosis and validated the classification of histological pathology. Fifteen healthy controls were recruited as normal controls by advertisement and were reimbursed for their participation. The age composition, lifestyle, and eating habits of the controls were similar to those of the patients. The demographic data of all study participants, such as gender, age, ethnicity, body mass index (BMI), smoking history, pathology type, TNM staging of tumor, and the data from laboratory studies were recorded (Supplementary Table 1). The exclusion criteria for this study were as follows: the participant manifested other basic pulmonary diseases, oral disorders or the presence of removable partial dentures or orthodontic appliances; systemic diseases, such as diabetes mellitus, gastritis, hepatitis and other cancers in addition to PBC; immune-compromising diseases, such as human immunodeficiency virus (HIV) or ongoing immunosuppressive therapy; and other diseases known to affect the oral and airway microbiota. Additionally, none of the participants had received glucocorticoid or antibiotic treatment for at least 30 days before sample collection. The saliva and BALF samples were taken in parallel from each enrolled participant after clinical diagnosis and before treatment. This study was approved by the Medical Ethics Committee at the First Affiliated Hospital of Guangxi Medical University. All samples were collected according to the approved protocol. Based on the patients' full understanding of the purpose of this research, written informed consent was obtained from all participants. Patients were notified if their sample was suitable for our study, and additional verbal consent from the participants was also obtained to undertake additional research.

Procedures and specimen collection
----------------------------------

To avoid cross contamination, saliva specimens were collected at the start of the bronchoscopy procedure before sedation or any topical anesthesia. Participants were required to fast overnight and brush their teeth before saliva collection. After gargling with 15 mL of sterile normal saline for 30 seconds, the saliva samples from participants were naturally expectorated without any stimulation into a cryostorage sterile sputum cup. The bronchoscopy with lavage was performed immediately upon completion of the saliva-collected procedure in the endoscopic examination room. After local anesthesia, the flexible fiberoptic bronchoscopy with bronchoalveolar lavage was wedged intranasally into a subsegmental bronchus in the involved focal lobe with the tumor (patients) or in the third-generation bronchus of the lingual lobe (healthy controls) by a single physician. Three aliquots of 50 mL of sterile normal saline were instilled, and the fluid was gently aspirated with a negative pressure of −40 to −50 millimeters of mercury. Suction channel use was avoided until the tip of the bronchoscope extended beyond the carina. All BALF specimens were pooled and collected in a siliconized plastic bottle placed on ice. The saliva and BALF specimens were immediately delivered to the laboratory for microbiological analysis. Before processing for DNA extraction, each BALF specimen was divided into aliquots of 1.5 mL in a sterile Eppendorf tube and stored at −80°C.

DNA Extraction
--------------

The collected saliva and BALF specimens were centrifuged at 3000×g for 10 minutes at 4°C. The supernatant was discarded with a sterile pipette, and the remaining pellet was dissolved in 0.5 mL of sterile saline. Bacterial genomic DNA from saliva and BALF samples was extracted using the QIAamp DNA Microbiome Kit (Qiagen, Germany) according to the manufacturer's instructions. DNA concentration was measured by Qubit (Invitrogen, USA).

PCR amplification of the bacterial 16S rDNA
-------------------------------------------

To construct the PCR-based 16S rDNA amplicon library for sequencing, PCR enrichment of the V4 hypervariable region of 16S rDNA was performed with the forward primer 515F (5′-GTGCCAGCMGCCGCGGTAA-3′) and reverse primer 806R (5′-GGACTACHVGGGTWTCTAAT-3′). PCR cycling conditions were as follows: 95°C for 3 minutes, 30 cycles of 95°C for 45 seconds, 56°C for 45 seconds, 72°C for 45 seconds and final extension for 10 minutes at 72°C for 10 minutes. The PCR products were purified using AmpureXp beads (Agencourt, USA) to remove the unspecific products. The same procedure was also performed with the negative controls: sterile water and the mixture without template. There was no evidence of contamination in the reagents used if no PCR products were amplified in the negative control.

Sequencing and bioinformatics analysis
--------------------------------------

The qualified amplicon mixture was then sequenced on the MiSeq platform with the PE250 sequencing strategy. Before the 16S rDNA data analysis, raw reads were filtered to remove adaptors and low-quality and ambiguous bases, and then paired-end reads were added to tags by the Fast Length Adjustment of Short reads program (FLASH, v1.2.11) \[[@b22-medscimonit-25-2819]\]. The tags were clustered into operational taxonomic units (OTUs) with a cutoff value of 97% using UPARSE software (v9.1.13) \[[@b23-medscimonit-25-2819]\], and the representative sequence from each OTU cluster was obtained. These OTU representative sequences were used to assign taxonomy to the cluster using the Ribosomal Database Project (RDP) Classifier (v.2.2) \[[@b24-medscimonit-25-2819]\] with a minimum confidence threshold of 0.8, and the training database was the Greengene database (v201305) \[[@b25-medscimonit-25-2819]\]. Alpha and beta diversity were estimated by MOTHUR (v1.31.2) \[[@b26-medscimonit-25-2819]\] and QIIME (v1.8.0) \[[@b27-medscimonit-25-2819]\] at the OTU level, respectively. Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt, v1.1.3) \[[@b28-medscimonit-25-2819]\] was used to predict KO abundance from OTU data, and differential KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways were identified according to their reporter score from the Z-scores of individual KO groups \[[@b29-medscimonit-25-2819]\]. Pathway reporter scores over 1.95 (corresponding to 95% confidence to a normal distribution) were considered statistically significant. SourceTracker software \[[@b30-medscimonit-25-2819]\] was used to estimate the proportions for BALF samples (sink samples) with saliva samples (source samples).

Statistical analysis
--------------------

Statistical analysis was performed by R software (v3.4.10). For demographic and clinical data, qualitative data were compared via the Kruskal-Wallis test, and quantitative data were determined via Crosstabs with the chi-square test (or Fisher's exact test for sparse counts). PERMANOVA was performed by the R package "vegan" \[[@b31-medscimonit-25-2819]\] with 9999 permutations. Differential relative abundance of taxonomic groups at the phylum or genus level between lung cancer patients and healthy controls in BALF and saliva samples was calculated by using a 2-tailed Wilcoxon rank-sum test with *P*\<0.05. Enrichment in healthy controls or lung cancer patients was determined by the higher mean rank. The random forest model was used to estimate the importance of each differential genus and predict the disease status based on the most importance genus (R package "randomForest") and the receiver-operating characteristic curve (ROC) was drawn using the pROC package \[[@b32-medscimonit-25-2819]\]. The correlations between clinical index and microbiota were calculated by Spearman's rank correlation (R package "cor.test").

Results
=======

Baseline characteristics of subjects
------------------------------------

Demographic data from 51 patients with PBC and 15 healthy controls are displayed in [Table 1](#t1-medscimonit-25-2819){ref-type="table"}. There were no significant differences in confounders for lung cancer risk or factors that are known to alter the human microbiome and progression including age, gender, BMI, smoking history, drinking history between the healthy controls and the lung cancer patients. For laboratory studies, differences were mainly generated from classical tumor markers between healthy controls and lung cancer patients, such as carbohydrate antigens, cytokeratin, carcinoembryonic antigen, neuron-specific enolase and squamous cell carcinoma antigen. However, no significant differences were found between infection-related and metabolic indicators, such as white blood cell count, fasting blood glucose, C-reactive protein, eosinophil granulocytes, erythrocyte sedimentation rate, neutrophil granulocytes, and procalcitonin. None of the 66 participants had evidence of respiratory tract infections or had received antibiotic treatment within 1 month prior to the initial saliva collection and the following bronchoscopy. Two types of samples (saliva and bronchoalveolar lavage) were taken from each participant. The bronchoscopy with lavage was performed immediately upon completion of saliva collection.

Alpha and beta diversity between the healthy control and lung cancer groups
---------------------------------------------------------------------------

In all of the 128 samples (4 BALF samples failed to amplify using PCR and were excluded from further analysis), a total of 28 502 248 raw reads were detected by 16S rDNA pyrosequencing that were approximately 252 bp in length. Each sample contained 222 673 \[±69 857 standard deviation (SD)\] reads on average. After trimming the sequences and discarding the low-quality reads, adaptors and N bases, 23 969 410 high quality sequences were obtained that take up nearly 84.13% (±18.16% SD) of the raw reads on average. A total of 1709 OTUs were observed across all participants, and the range of OTU numbers varied from 79 to 939 (Supplementary Table 2).

The richness and evenness in each sample were estimated using observed species and the Shannon and Simpson indexes (Supplementary Table 3). Nearly all of the rarefaction curves featured 2-component curves that included a sharp slope in the beginning and a flat slope for the remainder ([Figure 1A](#f1-medscimonit-25-2819){ref-type="fig"} and [Supplementary Figure 1A](#s1-medscimonit-25-2819){ref-type="supplementary-material"}). This result is a sign of sufficient depth and coverage of sequencing for the number of patients enrolled in the present study. The Shannon and Simpson indexes are 2 indicators commonly used for the quantitative description of alpha diversity in community polymorphisms. The Shannon index is in direct proportion to microbial diversity in samples, whereas the Simpson index is negatively correlated with microbiota diversity. As shown in [Figure 1B and 1C](#f1-medscimonit-25-2819){ref-type="fig"}, the Shannon index was significantly lower in the lung cancer groups than the healthy control group, while the Simpson index was significantly higher than that in the healthy control group (*P*=0.002 for Shannon index and *P*=0.033 for Simpson index in the saliva samples and *P*=6.55e-07 for Shannon and *P*=2.46e-07 for Simpson in the BALF samples) for samples from the same sites. There was no difference between saliva and BALF samples in the healthy controls (*P*=0.683 for Shannon index and *P*=0.354 Simpson index) for the Shannon or Simpson indexes. Nevertheless, there was a significant difference between the saliva and BALF samples in the lung cancer groups (*P*=0.029 for Shannon index and *P*=0.004 Simpson index). When the different pathological lung cancer groups were compared, both the Shannon and Simpson indexes were still significantly different in the lung cancer groups if samples were obtained from the same site as the healthy control group (Supplementary Table 3). When stratifying these results by the pathological type of lung cancer with samples from different sites, the only difference was from the comparison of the lung squamous cell carcinoma (LSCC) group with the healthy control group (*P*=0.011 for Shannon index, *P*=0.004 for Simpson index, [Supplementary Figure 1B and 1C](#s1-medscimonit-25-2819){ref-type="supplementary-material"}).

As the 2 sampling sites showed divergence in the alpha diversity between the lung cancer groups and healthy control group, we next performed beta diversity analysis to depict this divergence and assess its accuracy. To determine whether the microbiota in samples distinguished PBC patients from healthy controls and whether the diversity of microbiota was associated with the sampling site, principal coordinate analysis (PCoA) was employed to perform the dimension-reduction treatment of the OTU data set when comparing the overall structure of microbiota collected from different samples and sites. The PCoA analysis results showed that microbiota constitution in both BALF and saliva samples from cancer patients was clearly different than the healthy controls ([Figure 1D](#f1-medscimonit-25-2819){ref-type="fig"}). PERMANOVA analysis also indicated that the microbial structure in the lung cancer groups was significantly different from that in the healthy control group at the 2 sampling sites (BALF samples: R^2^=0.070, *P*=1e-04; saliva samples: R^2^=0.066, *P*=1e-04). Furthermore, significant segregation of microbial communities was also observed between different pathological types in the lung cancer groups and the healthy control group regardless of the sampling site ([Supplementary Figure 1D](#s1-medscimonit-25-2819){ref-type="supplementary-material"} for BALF samples and [Supplementary Figure 1E](#s1-medscimonit-25-2819){ref-type="supplementary-material"} for saliva samples).

Taxonomy-based characterization of microbiota in saliva and BALF samples
------------------------------------------------------------------------

The microbiota profile of samples was identified and quantified at the phylum and genus levels through taxonomic assignment against the reference database using the RDP classifier to reveal their relative abundance in each of the microbiota samples. A total of 37 phyla were responsible for \>99% of all sequence reads, and 3 predominant phyla were Firmicutes (30.90%), Bacteroidetes (30.22%), and Proteobacteria (24.25%) in all samples ([Figure 2A](#f2-medscimonit-25-2819){ref-type="fig"}). A total of 280 genera were identified across all participants. The 7 most abundant and frequently detected genera that each represented at least 3% in average relative abundance were classified as *Prevotella* (22.46%), *Neisseria* (12.07%), *Veillonella* (10.55%), *Streptococcus* (9.40%), *Haemophilus* (4.44%), *Capnocytophaga* (4.21%) and *Fusobacterium* (3.50%) ([Figure 2B](#f2-medscimonit-25-2819){ref-type="fig"}). The constitution of microbiota in BALF and saliva showed great homogeneity, as displayed in [Figure 3](#f3-medscimonit-25-2819){ref-type="fig"}. The Spearman's rank correlation rho of relative abundance for both samples was 0.674 in the healthy control group and 0.656 in the lung cancer group ([Figure 3A, 3B](#f3-medscimonit-25-2819){ref-type="fig"}). We further estimated the proportion of BALF microbiota that come from saliva samples by SourceTracker software, and homogeneity analysis demonstrated that a certain number of bacterial species in BALF come from saliva ([Figure 3C, 3D](#f3-medscimonit-25-2819){ref-type="fig"}). Certainly, species differences existed between the 2 sources of samples in both the healthy control and lung cancer groups. As shown in [Figure 2A](#f2-medscimonit-25-2819){ref-type="fig"}, relative abundance analysis at the phylum level indicated that Firmicutes was significantly enriched in BALF samples from patients with lung adenocarcinoma (LAC). Actinobacteria was concentrated in saliva samples from LAC and LSCC patients, while Spirochetes was concentrated in saliva samples from small-cell lung cancer (SCLC) patients. At the genus level ([Figure 2B](#f2-medscimonit-25-2819){ref-type="fig"}), relative abundance analysis indicated that *Pseudomonas* was enriched in the BALF samples from LAC and SCLC patients. *Veillonella* and *Corynebacterium* were abundant in the BALF samples from LSCC patients as well. In saliva samples, *Haemophilus* and *Streptococcus* were found to be enriched in the LSCC patients, *Rothia* and *Actinomyces* were enriched in both LAC and LSCC patients, while *Treponema* was enriched in SCLC patients.

This study tried to gain further insights into the microbial community in BALF and saliva samples from healthy controls and cancer patients to explore whether there were any lung cancer-associated or site-specific taxa. By comparing the bacterial phyla with mean values greater than 0.1% in at least 1 group, taxa with significant differences between healthy controls and lung cancer patients were considered ([Table 2](#t2-medscimonit-25-2819){ref-type="table"}). We observed that Spirochetes, Synergistetes and Tenericutes were 3 common differential phyla for cancer patients regardless of whether the sample was from BALF or saliva. Firmicutes and Fusobacteria were identified as the different phyla in BALF samples, while Actinobacteria was identified in saliva samples. Significant differences in species between the healthy control and lung cancer groups in the BALF and saliva samples at the genus level are displayed in [Figure 4A and 4D](#f4-medscimonit-25-2819){ref-type="fig"}.

Interestingly, when stratifying these results by different pathological types of lung cancer, a significant enrichment of *Veillonella* (16.85% versus 7.17%, *P*=0.014) and *Capnocytophaga* (6.60% versus 1.86%, *P*=0.035) was observed when comparing the LSCC patients with the healthy control group. *Lactobacillus* was enriched in the SCLC group (0.43% versus 0.09%, *P*=0.024). In addition, clear differences in several taxa were also found between the healthy control group and any other pathological types in the lung cancer group. Further details about the relative abundance of taxa at the genus level are displayed in [Supplementary Figure 2A](#s2-medscimonit-25-2819){ref-type="supplementary-material"} and Supplementary Table 4.

In the saliva samples, *Streptococcus* (11.94% versus 9.20%, *P*=0.033), *Capnocytophaga* (5.08% versus 1.82%, *P*=0.018) and *Actinomyces* (2.25% versus 1.3%, *P*=0.039) were found with significantly higher relative abundance in the lung cancer groups than in the healthy control group. Analyses were then stratified by pathological type of lung cancer, and evidence of multiple genus-level differences among different subtypes of lung cancer and healthy controls was observed. The LSCC group had an enrichment of *Capnocytophaga* (6.48% versus 1.82%, *P*=0.030) and *Actinomyces* (2.63% versus 1.31%, *P*=0.033), and the SCLC group showed an enrichment of *Streptococcus* (13.12% versus 9.20%, *P*=0.020) compared with the healthy control group. In addition, *Rothia* also showed a significant difference between the LAC group and the healthy control group (4.77% versus 2.06%, *P*=0.040). Additionally, clear differences in several taxa were also found between the healthy control group and any other pathological types of lung cancer in the saliva samples, and additional details are displayed in [Supplementary Figure 2B](#s2-medscimonit-25-2819){ref-type="supplementary-material"} and Supplementary Table 4.

Selection of potential bacterial biomarkers from BALF and saliva samples
------------------------------------------------------------------------

We performed random forest analysis to select the top 10 most important genera from the microbial profiles to discriminate the healthy control and lung cancer groups for BALF and saliva samples ([Figure 4B, 4E](#f4-medscimonit-25-2819){ref-type="fig"}). The selected genera were synthetically evaluated for their incidence in the microbial community and were ordered by using the mean decreasing accuracy and the Gini coefficient. *Treponema* was selected as the bacterial biomarker candidate with the highest mean decreasing accuracy and the Gini coefficient value among 10 selected genera, while *Filifactor* was identified as the potential bacterial biomarker in saliva samples. ROC analysis was performed to evaluate the sensitivity and specificity of these potential bacterial biomarkers to evaluate their preclinic utilities. The overall performance of the 2 potential biomarkers in detecting lung cancer and identifying different pathological types of lung cancer (LAC, LSCC, and SCLC) are displayed in [Figure 4C and 4F](#f4-medscimonit-25-2819){ref-type="fig"}. *Treponema* generated a ROC value of 85.57% (95% CI: 73.22--97.91%) in BALF samples to distinguish between healthy controls and lung cancer patients, while *Filifactor* obtained a ROC value of 79.74% (95% CI: 68.58--90.90%). Further ROC analysis of different pathological lung cancer subtypes is displayed in [Supplementary Figure 3](#s3-medscimonit-25-2819){ref-type="supplementary-material"} for BALF and saliva samples, and the ROC values are noted next to the ROC curves. We also performed Spearman's rank correlation analysis to evaluate the potential relationship between the selected genera and the clinical index, which is usually launched as a routine examination for diagnosing lung cancer. The heat map of the Spearman's rank correlation between microbiota genera and clinical index in BALF and saliva samples is displayed as [Figure 5A and 5B](#f5-medscimonit-25-2819){ref-type="fig"}, respectively. Clearly, the results of the correlation analysis indicated that significant correlations between *Treponema* and clinical lung cancer markers, including SCCA, CA125, CK-19, CA-199, and CEA, were observed in the BALF samples. Similarly, *Filifactor* was associated with CA125, CK-19, and CA-199.

Predictive variation analysis of KEGG metabolic pathway
-------------------------------------------------------

The metabolic characteristics of the microbial community always vary from the living environment. KEGG pathway enrichment analysis and functional analysis were carried out to predict the metabolic difference in microbiota in different sources of samples. As shown in [Figure 6](#f6-medscimonit-25-2819){ref-type="fig"}, we explored the metabolic characteristics and differences in the microbiota of lung cancer from BALF and saliva samples. The metabolic differences in the second and third KEGG pathway levels for the microbiota of lung cancer and healthy controls are displayed. We found that the metabolic characteristics of microbiota varied by sampling site. In general, there were 16 and 13 discrepant maps enriched in the healthy control and lung cancer groups, respectively. Microbes in the BALF of cancer patients always exhibited apparent metabolic behaviors for the signaling of amino acid metabolism, metabolism of terpenoids and polyketides and xenobiotic biodegradation and metabolism. Conversely, several metabolic pathways, such as carbohydrate metabolism, energy metabolism, and replication and repair signaling, were activated in healthy individuals. Notably, more functional differences were observed in saliva samples than in healthy controls. Overall, there were 25 and 29 discrepant maps enriched in the saliva samples from the healthy control and lung cancer groups, respectively. Antimicrobial resistance, folding, sorting and degradation, glycan biosynthesis and metabolism, metabolism of cofactors and vitamins and nucleotide metabolism were enriched only in cancer patients. Rather, some metabolic-related signaling pathways, such as amino acid metabolism, carbohydrate metabolism, energy metabolism and lipid metabolism, were activated in the cancer group, while others were depleted.

Discussion
==========

To some extent, the microbiota in the lower respiratory tract may be one of the causes of lung cancer etiology, even though lung cancer is generally considered to be a disease caused by the interactions of host genetics and environmental factors, accounting for nearly one-fifth of human malignancies \[[@b33-medscimonit-25-2819]\]. Several studies have demonstrated that microbes and the microbiota may contribute to tumor occurrence, development and progression \[[@b12-medscimonit-25-2819],[@b13-medscimonit-25-2819],[@b18-medscimonit-25-2819],[@b20-medscimonit-25-2819],[@b21-medscimonit-25-2819],[@b33-medscimonit-25-2819]\]. There are 3 approved categories in which microbiota contribute to carcinogenesis. First, microbiota in the local environment disrupted the equilibrium of host cell apoptosis and proliferation at the genetic and metabolic levels. Second, microbiota may impact the host immune surveillance system, and their secondary metabolites may affect the local inflammatory response. Finally, microbiota could influence the metabolic process of pharmaceuticals and host and environment factors \[[@b5-medscimonit-25-2819],[@b13-medscimonit-25-2819]\]. In the current study, pyrosequencing of 16S rDNA was employed to evaluate and compare the structure, diversity and metabolic characteristics of saliva and lower respiratory tract microbiota associated with lung cancer and healthy controls in a Chinese population. To the best of our knowledge, this report is the first to use 16S rDNA approaches to profile and compare the microflora composition and function prediction in saliva and BALF samples and to determine microbiota characteristics, significant discrepancies and biomarkers for the early diagnosis of lung cancer.

As gender, age, obesity, and smoking are considered risk factors for lung cancer development in several reports \[[@b12-medscimonit-25-2819],[@b13-medscimonit-25-2819]\], we randomly balanced the enrolled participants with the features aforementioned in both saliva and BALF samples in the cancer patients to exclude the influence of these factors on the 16S rDNA results. Here, we used high-throughput sequencing to investigate saliva and BALF microbiota in lung cancer patients and studied more than 1700 OTUs, including nearly 300 genera. The α-diversity analysis results showed that lung cancer patients had less lung and oral microbiota diversity than healthy controls. Microbes may find a tumor's oxygen tension or carbon sources permissive and take advantage of an underused nutritional niche \[[@b4-medscimonit-25-2819]\]. Decreased abundances of specific microbes may also increase the risk for cancer development in the host at sites that are local or distant from this microbial shift \[[@b13-medscimonit-25-2819]\]. The detailed mechanism remains unknown. In healthy controls, no obvious differences in the upper and lower respiratory tract \[[@b12-medscimonit-25-2819]\] were observed. In the current study, our PCoA results also demonstrated a similar flora composition in both the oral and lower respiratory tract, which expanded the current flora known to the digestive tract. PCoA results also consistently showed that distinct microbiota composition can be identified between and lung cancer and healthy control patients regardless of the sampling site, indicating that remarkable microbial taxa may be found and most likely serve as biomarkers or indicators for lung cancer patients.

Microbiota composition analysis at the phylum and the genus levels through taxonomic assignment were performed, and the results showed that representative flora differed by sampling site. *Veillonella* and *Capnocytophaga* were enriched in the BALF samples, while a significantly high abundance of *Streptococcus*, *Capnocytophaga*, and *Actinomyces* were detected in the saliva samples. We observed that *Capnocytophaga* were enriched in both oral and upper respiratory samples. *Capnocytophaga* species are commonly found in the oropharyngeal tract and the airway of mammals; they are involved in the pathogenesis of periodontal diseases as well as some animal bite wounds \[[@b34-medscimonit-25-2819]\]. Additional specific studies focus on the expression of *Capnocytophaga* in a large sample of lung cancer patients. *Veillonella* was also found to be enriched in the BALF of lung cancer, and it was previously isolated from the lower airways of lung cancer patients, suggesting that *Veillonella* species may be related to lung cancer \[[@b35-medscimonit-25-2819]\]. *Streptococcus* is causally linked to chronic lung disease pneumonia and was enriched in the saliva samples \[[@b21-medscimonit-25-2819]\]. These findings, including ours, seem to suggest that either these bacteria induce a long-term immune response/infection to the organ, or the cancer growth environment favors the growth of these bacteria in the airway or oropharyngeal tracts. When stratifying by pathological type of lung cancer, a significant enrichment in *Veillonella* and *Capnocytophaga* was observed in the BALF samples of LSCC patients. Likewise, *Capnocytophaga* and *Actinomyces* were specifically validated to be enriched in the LSCC group, and an enrichment of *Streptococcus* was observed in the SCLC group, while *Rothia* was also observed to be significantly different in the LAC group. It seems that lung cancer-specific microbial taxa may be pathologically dependent. The microenvironment of the tumor is different from the pathological type of cancer cells, and the great variability of metabolic products and cytokine levels also affected the colonization and growth of bacteria, which contributed to the pathological-specific phenomenon.

Functional metabolic characteristics in bacterial communities vary from the inherent host environment and immunity status \[[@b12-medscimonit-25-2819],[@b13-medscimonit-25-2819]\]. Exposure to xenobiotics, such as carcinogens, insecticides, and drugs, and their deposition in pulmonary tissues were considered as initial factors for lung cancer development \[[@b36-medscimonit-25-2819]\]. In the present study, xenobiotic biodegradation was enriched in the BALF of lung cancer, including the degradation pathway of atrazine, benzoate, chlorocyclohexane, chlorobenzene, fluorobenzoate, nitrotoluene, polycyclic aromatic hydrocarbon and xylene. We can speculate that the enrichment of xenobiotic biodegradation is how microbiota alteration is used to cope with environmentally damaging factors. Although xenobiotic biodegradation is depleted in saliva samples of cancer patients, we cannot entirely deny our previous speculation that oral microbiota is susceptible to multiple influencing factors from the external environment. Further stratification analyses on large sample sizes of different pathological types of cancer patients are promising, and additional research is needed.

Conclusions
===========

We examined the saliva and BALF microbiota in lung cancer patients using high-throughput technology and found that the microbial community changed in lung cancer patients and that the diversity might be site- and pathological-dependent. This study provides basic data on the oral and BALF flora related to lung cancer and provides a hint in the etiology of the disease. The results of our study indicated that lung cancer patients carry a different and less diverse microorganism community than healthy controls. Certain bacterial taxa might be associated with lung cancer, but the exact species depends on the sampling site and the pathological subtype. This study provides basic data on the microbiota diversity in saliva and BALF samples from lung cancer patients.
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Supplemantary/raw Tables 1--4 available from the corresponding author on request.

###### 

Comparison of the alpha diversity and beta diversity for microbiota from different sampling sites and different pathological subtype lung cancer groups. (**A**) The rarefaction curve for samples from different sites and different pathological subtype lung cancer groups was drawn to evaluate the depth and coverage of sequencing and the richness of species. (**B, C**) Shannon and Simpson indexes were estimated to evaluate the diversity of different pathological subtype lung cancer samples. (**D, E**) Principal coordinate analysis (PCoA) based on the unweighted UniFrac distance matrix. The green and red colors represent bronchoalveolar lavage (BALF) and saliva samples, respectively. \* *P*\<0.05, \*\* *P*\<0.01, and \*\*\* *P*\<0.001 by Wilcoxon rank-sum test.

###### 

The species with significant differences between healthy control and different pathological subtype lung cancer groups in bronchoalveolar lavage (BALF) (**A**) and saliva (**B**) samples were displayed at the genus level. The species were shown only if its abundance was over 1% in at least 1 sample and with a significant difference between any 2 groups. Bar chart was expressed as the mean ± standard error of the mean (SEM). \* *P*\<0.05, \*\* *P*\<0.01, and \*\*\* *P*\<0.001 by Wilcoxon rank-sum test.

###### 

(**A, B**) Receiver-operating characteristic curves (ROC) for the selected potential bacterial biomarker to distinguish the healthy control and different pathological subtype lung cancer groups.
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![Comparison of the alpha diversity and beta diversity for microbiota from different sampling sites and disease groups. (**A**) The rarefaction curve for samples from different sites and groups was drawn to evaluate the depth and coverage of sequencing and the richness of species. (**B, C**) Shannon and Simpson indexes were used to evaluate the diversity of samples. (**D**) Principal coordinate analysis (PCoA) based on the unweighted UniFrac distance matrix. The green and red colors represent bronchoalveolar lavage (BALF) and saliva samples, respectively. \**P*\<0.05, \*\* *P*\<0.01, and \*\*\* *P*\<0.001 by Wilcoxon rank-sum test.](medscimonit-25-2819-g001){#f1-medscimonit-25-2819}

![Taxonomical composition of BALF and saliva microbiomes. The predominant bacteria of the phylum (**A**) and genus (**B**) levels are shown. Each bar represents a single sample, and samples were organized by the order of healthy controls, LAC, LSCC, and SCLC patients from the bottom to top. Blank bars representing samples were excluded from further analysis. A paired Wilcoxon rank-sum test was used to detect the different taxa between BALF and saliva samples. Phyla or genera with significantly different relative abundances were marked with '+' or '−' (*P*\<0.05), which also corresponded to BALF-enriched or saliva-enriched, respectively. BALF -- bronchoalveolar lavage; LAC -- lung adenocarcinoma; LSCC -- lung squamous cell carcinoma; SCLC -- small-cell lung cancer.](medscimonit-25-2819-g002){#f2-medscimonit-25-2819}

![Comparing the microbiota similarities between BALF and saliva samples. (**A, B**) The correlation of BALF and saliva samples based on the relative abundance of OTU level. The horizontal and vertical axes show the log 10 value of the relative abundance. (**C, D**) Predicted proportions for healthy BALF and cancer BALF samples with saliva samples by SourceTracker. BALF -- bronchoalveolar lavage; OUT -- operational taxonomic units.](medscimonit-25-2819-g003){#f3-medscimonit-25-2819}

![Significant different species between the healthy control and lung cancer groups in bronchoalveolar lavage (BALF) and saliva samples. (**A, D**) Different genera of BALF and saliva microbiota between healthy control and lung cancer groups. The genera were shown only if their abundance was over 1% in at least 1 sample and with a significant difference (Wilcoxon rank-sum test). \* *P*\<0.05, \*\* *P*\<0.01, and \*\*\* *P*\<0.001 by Wilcoxon rank-sum test. **(B, E**) The top 10 most important genera to discriminate the healthy control and lung cancer groups using random forest analysis in BALF and saliva samples. The importance of each genus was determined by using the mean decreasing accuracy and the Gini coefficient. (**C, F**) Receiver-operating characteristic curves (ROC) were obtained using the most important genus in BALF and saliva samples.](medscimonit-25-2819-g004){#f4-medscimonit-25-2819}

![Correlations between microbiota genera and clinical indices. Heat map of Spearman's rank correlation between microbiota genera and clinical indices in bronchoalveolar lavage (BALF) (**A**) and saliva (**B**) samples. Green, positive correlation; red, negative correlation; \* *P*\<0.05, \*\* *P*\<0.01, and \*\*\* *P*\<0.001. The genera were colored according to the direction of enrichment. Green -- enriched in healthy control; red -- enriched in lung cancer; black -- no significant difference.](medscimonit-25-2819-g005){#f5-medscimonit-25-2819}

![Microbiota function prediction in BALF and saliva samples. Heat map of KEGG pathways differentially enriched between healthy control and lung cancer groups in BALF and saliva. Green, enriched in healthy control; red, enriched in lung cancer. \* Denotes a reporter score \>1.96 or \< −1.96. BALF -- bronchoalveolar lavage; KEGG -- Kyoto Encyclopedia of Genes and Genomes.](medscimonit-25-2819-g006){#f6-medscimonit-25-2819}

###### 

The baseline characteristics of enrolled healthy controls (n=15) and lung cancer (n=51) subjects for the present study.

                                  Characteristics        HC; n=15       LC; n=51      *P* value[\*](#tfn2-medscimonit-25-2819){ref-type="table-fn"}                 
  ------------------------------- ---------------------- -------------- ------------- --------------------------------------------------------------- ------------- -------
  General data                    Age (yeas, mean ±SD)   56.9±6.1       54.8±10.7     62.4±8.4                                                        61.3±5.6      0.057
  Male (n, %)                     8 (53.3%)              10 (55.6%)     13 (68.4%)    8 (57.1%)                                                       0.800         
  Zhuang (n, %)                   9 (60.0%)              10 (55.6%)     4 (21.1%)     9 (64.3%)                                                       **0.041**     
  Smoker (n, %)                   6 (40.0%)              4 (22.2%)      9 (47.4%)     7 (50.0%)                                                       0.510         
  Drinker (n, %)                  4 (26.7%)              2 (11.1%)      9 (47.4%)     4 (28.6%)                                                       0.144         
  BMI (kg/m^2^, mean ±SD)         21.8±2.7               20.2±1.6       21.2±3.2      20.1±2.4                                                        0.229         
  Tumor TNM staging               T2                     N/A            2 (11.1%)     0                                                               1 (7.1%)      0.728
  T3                              N/A                    6 (33.3%)      6 (31.6%)     4 (25.6%)                                                                     
  T4                              N/A                    10 (55.6%)     13 (68.4%)    9 (64.3%)                                                                     
  Laboratory studies (mean ±SD)   CRP (mg/L)             25.0±13.7      29.6±22.7     40.3±51.5                                                       49.7±66.6     0.990
  EG (10^9^/L)                    0.3±0.1                0.6±1.2        0.4±0.3       0.3±0.2                                                         0.789         
  ESR (mm/h)                      33.0±42.4              47.9±31.4      63.3±39.9     56.5±32.4                                                       0.584         
  FBG (U/mL)                      4.9±0.8                4.8±1.3        5.4±1.7       5.5±1.8                                                         0.580         
  Ferritin (ng/mL)                286.9±95.3             386.6±113.6    545.8±478.9   591.1±407.3                                                     **0.049**     
  NG (10^9^/L)                    5.3±1.9                5.6±2.8        6.4±2.7       6.8±3.7                                                         0.623         
  PCT (ng/mL)                     0.1±0.0                0.2±0.0        0.3±0.5       0.2±0.2                                                         0.486         
  WBC (10^9^/L)                   8.5±2.5                8.5±4.1        9.5±2.6       9.7±4.2                                                         0.398         
  CA 125 (U/mL)                   9.7±4.6                298.1±786.1    39.6±28.0     57.6±70.3                                                       **\<0.001**   
  CA 19-9 (U/mL)                  5.8±5.2                202.3±738.2    16.0±17.8     32.6±44.4                                                       **0.004**     
  CEA (ng/mL)                     1.4±0.8                404.7±1491.5   14.9±53.6     262.7±899.0                                                     **\<0.001**   
  CK 19 (ng/mL)                   2.1±0.9                13.2±28.9      14.2±17.8     7.2±5.9                                                         **\<0.001**   
  NSE (ng/mL)                     13.3±4.4               18.7±7.2       37.8±76.8     81.0±67.9                                                       **\<0.001**   
  SCCA (ng/L)                     0.9±0.8                1.0±0.9        5.1±4.0       0.8±0.8                                                         **\<0.001**   

SD -- standard deviation; HC -- healthy control; LC -- lung cancer; LAC -- lung adenocarcinoma; LSCC -- lung squamous cell carcinoma; SCLC -- small cell lung; BMI -- body mass index; FBG -- fasting blood glucose; CRP -- C-reactive protein; EG -- eosinophil granulocyte; ESR -- erythrocyte sedimentation rate; NG -- neutrophil granulocyte; PCT -- procalcitonin; WBC -- white blood cells; CA-125 -- carbohydrate antigen 125; CA19-9 -- carbohydrate antigen 19-9; CEA -- carcino-embryonic antigen; CK-19 -- cytokeratin-19 antigen; NSE -- neuron-specific enolase; SCCA -- squamous cell carcinoma antigen.

P value based on Kruskal-Wallis Test (continuous variables) or Chi-Square (categorical variables, or Fisher's exact test for sparse counts) all four groups. Significant values are in blod.

###### 

Differences of phyla between healthy and cancer groups in BALF and saliva samples.

  Phylum[\*](#tfn3-medscimonit-25-2819){ref-type="table-fn"}   HC mean abundance (SD)   LC mean abundance (SD)   *P* value   Enriched
  ------------------------------------------------------------ ------------------------ ------------------------ ----------- ----------
  BALF                                                                                                                       
   Firmicutes                                                  23.84% (7.28%)           38.42% (18.08%)          0.005       LC
   Fusobacteria                                                9.18% (4.71%)            5.12% (5.01%)            0.003       HC
   Spirochaetes                                                1.82% (1.57%)            0.11% (0.26%)            5.67E-07    HC
   Synergistetes                                               0.16% (0.33%)            0.03% (0.08%)            2.56E-04    HC
   Tenericutes                                                 0.43% (0.55%)            0.11% (0.19%)            0.004       HC
  Saliva                                                                                                                     
   Actinobacteria                                              4.10% (2.73%)            7.50% (7.09%)            0.025       LC
   Spirochaetes                                                2.21% (3.78%)            0.48% (0.89%)            0.003       HC
   Synergistetes                                               0.13% (0.13%)            0.08% (0.23%)            0.008       HC
   Tenericutes                                                 0.35% (0.59%)            0.06% (0.11%)            0.001       HC

Phyla were display with mean values more than 0.1% in at least one groups.
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